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ABSTRACT 
EFFECT OF INTERCROPPING WITH ACACIA SENEGAL ON CROP 
YIELDS AND CERTAIN SOIL PROPERTIES IN A DEGRADED 
RAINFED AGRICULTURAL LAND IN SINNAR STATE, SUDAN 
 
 
A field experiment was conducted  over two seasons (2006/2007 
and 2007/2008 ) at Tozi forest reserve in Abu Hugar governorate, Sennar 
State, Sudan with the objective of evaluating the effect of agroforestry 
inter planting on crop yields of sorghum, sesame and groundnut and 
indicated the effect on  certain soil cheracteristics. 
 The experiment compared the effects of inter cropping three 
traditional rain fed crops (ground nuts, sesame, sorghum) with in Acacia 
senegal  gum gardens with sole cropping of the same crops. Treatments 
were: sole cropping, inter cropping at 4x4 m tree spacing, intercropping 
at 4x8m tree spacing. Randomized complete block design with four 
replications was adopted. 
 The following crop parameters were measured: plant height, root 
length, number of leaves per plant, days to 50% flowering, crop yield/ha, 
gum yield /tree. Certain soil parameters were also determined e.g. total 
nitrogen and organic carbon, PH, bulk density, p, Ca, K, Na & Mg. 
The results indicated increased crop yields under inter cropping.             
This increase  could be attributed to the increased soil fertility and shelter 
under Acacia senegal trees. 
Although gum yield was decreased in inter cropped plots, yet the 
land equivalent ratio was positive due to the high crop yields relative to 
sole cropping.  
 
  
  
  
iiiv 
  اﻟﻤﺴﺘﺨﻠﺺ
أﺛﺮ اﻟﺰراﻋﺔ اﻟﺒﻴﻨﻴﺔ ﻣﻊ ﺷﺠﺮة اﻟﻬﺸﺎب ﻋﻠﻰ إﻧﺘﺎﺟﻴﺔ ﺑﻌﺾ اﻟﻤﺤﺎﺻﻴﻞ اﻟﺰراﻋﻴﺔ وﺑﻌﺾ 
  اﻟﺴﻮدان- ﺧﺼﺎﺋﺺ اﻟﺘﺮﺑﺔ اﻟﻤﺘﺪهﻮرة ﻓﻲ ﻣﻨﺎﻃﻖ اﻟﺰراﻋﺔ اﻟﻤﻄﺮﻳﺔ ﺑﻮﻻﻳﺔ ﺳﻨﺎر 
 / 7002 ﻭ ﻡ7002 /6002 ) ﺃﺠﺭﻴﺕ ﺘﺠﺭﺒﺔ ﺤﻘﻠﻴﺔ ﻟﻤﻭﺴﻤﻴﻴﻥ ﻤﺘﺘـﺎﻟﻴﻴﻥ          
 ﺒﻬـﺩﻑ ﺘﻘـﻴﻡ ، ﺍﻟﺴﻭﺩﺍﻥ ﺒﺔ ﺘﻭﺯﻯ ﻓﻲ ﻤﺤﻠﻴﺔ ﺃﺒﻭﺤﺠﺎﺭ ﺒﻭﻻﻴﺔ ﺴﻨﺎﺭ  ﻓﻲ ﻏﺎ (ﻡ8002
ﺘﺎﺜﻴﺭ ﺍﻟﺘﺸﺠﻴﺭ ﺍﻟﺯﺭﺍﻋﻰ ﻋﻠﻰ ﺍﻨﺘﺎﺠﻴﺔ ﺍﻟﺫﺭﻩ، ﺍﻟﺴﻤﺴﻡ ﻭﺍﻟﻔـﻭل ﺍﻟـﺴﻭﺩﺍﻨﻰ ﻭﻜـﺫﻟﻙ 
ﻗﺎﺭﻨـﺕ ﺍﻟﺘﺠﺭﺒـﺔ ﺯﺭﺍﻋـﺔ ﺜﻼﺜـﺔ . ﺘﻭﻀﻴﺢ ﺍﻟﺘﺎﺜﻴﺭ ﻋﻠﻰ ﺒﻌﺽ ﺨﺼﺎﺌﺹ ﺍﻟﺘﺭﺒﻪ 
 ﺍﻟﻬـﺸﺎﺏ ﻤـﻊ  ﺩﺍﺨل ﺤﺩﺍﺌﻕ (ﺫﺭﺓ ﻭﺴﻤﺴﻡ ﻭﻓﻭل ﺴﻭﺩﺍﻨﻲ ) ﻤﺤﺎﺼﻴل ﻤﻁﺭﻴﺔ ﺘﻘﻠﻴﺩﻴﺔ 
                     (.ﺨﺎﺭﺝ ﺤﺩﺍﺌﻕ ﺍﻟﻬﺸﺎﺏ )ﻤﺤﺎﺼﻴل ﺍﻟﻤﺯﺭﻭﻋﺔ ﻤﻔﺭﺩﺓﺍﻟ
 ﺍﻤﺘـﺭ  4 × 4ﻜﺎﻨﺕ ﺍﻟﻤﻌﺎﻤﻼﺕ ﺯﺭﺍﻋﺔ ﻤﻔﺭﺩﺓ، ﺯﺭﺍﻋﺔ ﺘﺤﻤﻴل ﺒﻤﺴﺎﻓﺎﺕ           
.                            ﻤﻜﺭﺭﺍﺕﺎﺭﺒﻌﺔﺒﺎﻋﺎﺕ ﻜﺎﻤﻠﺔ ﺍﻟﻌﺸﻭﺍﺌﻴﺔ ﺍﻟﻘﻁﺍ ﺒﺎﺴﺘﺨﺩﺍﻡ ﺘﺼﻤﻴﻡ  ﻤﺘﺭ8×4ﻭ
، ﻋـﺩﺩ (ﺴـﻡ ) ﺭﺫ، ﻁﻭل ﺍﻟﺠ  ـ(ﺴﻡ)ﻁﻭل ﺍﻟﻨﺒﺎﺕ : ﻟﻴﺔ ﺍﻟﺘﺎ ﻤﻌﺎﻟﻡ ﺍﻟﻨﻤﻭ ﺘﻡ ﻗﻴﺎﺱ         
 (ﻫﻜﺘـﺎﺭ /ﻜﺠـﻡ  )ﻭلﺇﻨﺘﺎﺠﻴﺔ ﺍﻟﻤﺤﺼ  ﺇﺯﻫﺎﺭ،% 05 ﺤﺘﻰﺍﻟﻨﺒﺎﺕ، ﻋﺩﺩ ﺍﻷﻴﺎﻡ /ﺍﻷﻭﺭﺍﻕ
  ﻭﻫـﻰ  ﺍﻟﺨﺎﺼﺔ ﺒﺎﻟﺘﺭﺒﺔ ﻟﻡﺒﻌﺽ ﺍﻟﻤﻌﺎ  ﻜﻤﺎ ﺘﻡ ﻗﻴﺎﺱ (.ﺍﻟﺸﺠﺭﺓ/ﻜﺠﻡ)ﻭﺇﻨﺘﺎﺠﻴﺔ ﺍﻟﺼﻤﻎ 
ﻹﻀﺎﻓﺔ ﺍﻟﻜﺜﺎﻓﺔ ﺍﻟﻜﻠﻴﺔ ﻟﻠﺘﺭﺒﺔ ﺒﺎ  ، ﺍﻟﻬﺎﻴﺩﺭﻭﺠﻴﻨﻰ  ﺍﻷﺱ ﻨﺴﺒﺔ ﺍﻟﻜﺭﺒﻭﻥ،  ﻨﺴﺒﺔ ﺍﻟﻨﻴﺘﺭﻭﺠﻴﻥ، 
 .        ﺍﻷﺴﺎﺴﻴﺔ ﻭﺍﻟﻤﻌﺎﺩﻥ ﻏﻴﺭ ﺍﻷﺴﺎﺴﻴﺔﻟﻤﻌﺎﺩﻥﺒﻌﺽ ﺍ
ﺃﻅﻬﺭﺕ ﺍﻟﻨﺘﺎﺌﺞ ﺃﻥ ﺯﺭﺍﻋﺔ ﺍﻟﺘﺤﻤﻴل ﻓﺎﻗﺕ ﺍﻟﺯﺭﺍﻋﺔ ﺍﻟﻤﻔﺭﺩﺓ ﻓﻲ ﺍﻹﻨﺘﺎﺠﻴﺔ ﻭﻫﺫﺍ          
ﻋﻠﻰ ﺍﻟﺭﻏﻡ ﻤﻥ ﻗﻠﺔ ﺇﻨﺘﺎﺠﻴـﺔ . ﺍﻟﻬﺸﺎﺏﺃﺸﺠﺎﺭ ﺍﻟﻰ ﺯﻴﺎﺩﺓ ﺨﺼﻭﺒﺔ ﺍﻟﺘﺭﺒﻪ ﺘﺤﺕ ﻴﺭﺠﻊ 
 ﻭﻴﻌـﺯﻯ ﺫﻟـﻙ ﺎ ﺍﻷﺭﺽ  ﻜـﺎﻥ ﺍﻴﺠﺎﺒﻴ  ـﻤﻜﺎﻓﻰﺀ  ﺇﻻ ﺃﻥ ﺍﻟﺼﻤﻎ ﻓﻲ ﺯﺭﺍﻋﺔ ﺍﻟﺘﺤﻤﻴل 
                                       .ﻟﻺﻨﺘﺎﺠﻴﺔ ﺍﻟﻌﺎﻟﻴﺔ ﻓﻲ ﺯﺭﺍﻋﺔ ﺍﻟﺘﺤﻤﻴل ﻤﻘﺎﺭﻨﺔ ﺒﺎﻟﺯﺭﺍﻋﺔ ﺍﻟﻤﻔﺭﺩﺓ
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CHAPTER ONE 
INTRODUCTION 
 
 Rain fed agriculture is the development project operating in central 
clay plains of Sudan e.g. Blue Nile. Over the years, mechanized 
agriculture extended from 696-700 feddans in 1960-1961 to over 
3000,000 in 19973-1974 to 8,555,526 feddans in 1990-1991 (ELtohami, 
1993). 
    Continuous mechanized agriculture led to land degradation in this 
area of Sudan, which is climatically classified as low rainfall savanna, 
hence many schemes were abandoned. A survey of Dali mechanized 
agricultural schemes in 1988 carried out by the Institute of Environmental 
Studies of the University of Khartoum in collaboration with the institute 
of Terrestrial-ecology of the United Kingdom, showed that nitrogen had 
decreased from 0.069% to 0.04% due to continued mono cropping and 
hard pan developed at 5cm depth due to  shallow ploughing. It was there 
fore recommended that trees be planted in these schemes to break the 
hard pan and to improve soil properties; Reforestation of the abandoned 
dschemes was resorted to as a measure of reclaiming these degraded 
soils. This was enforced since early 1970 in Abuhugar governorate in 
Dali and Mazmum mechanized schemes. In 1971, the abandoned 
schemes were handed over to FNC for rehabilitation with Acacia 
Senegal: 33 schemes were planted with trees. In 1990, one of these 
schemes was handed back for agricultural cultivation and sorghum yield 
averaged 366-457 kg/feddan for two seasons 1990-1991 and1991-1992 
compared with 37.5 kg/feddan  previously obtained.  
 It was indicated by several authors that Acacia Senegal restores 
soil fertility (Habish) 1970;( Hussein) 1990; (Ballal) 1991; (Fadl) 1999 of 
trees and harvesting wood of 2m diameter at age of 15 years (1999); 
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Nassereldin (2004) and Dean et al. (1999) found that  felling Acacia 
Senegal added 2.5, 60 and 35 kglha of nitrogen, p and k, respectively. 
Moreover, food production depends on availability of land and techniques 
for reducing cost, this can be reached by putting forest land into 
production (FAO, 1985 and Lamer, 1967).        
In this study two advantages can be considered for agroforestretry 
in Blue Nile compared with agroforestry in western Sudan: one of these is 
the high amount of the annual rainfall which extends for approximately 
more than four months and this period is  
              enough for water supply for different crops from sowing 
to harvest. The second advantage is that the type of soil is dark cracking 
vertisol soil which is characterized by high water holding capacity.    
    This study aimed at:    
1. Evaluating the effect of agroforestry (4x4m and 4x8m inter 
planting) on crop yield of sorghum, sesame and ground nuts.  
2. Estimating the effect of agroforestry on certain soil characteristics. 
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CHAPTER TWO 
LITERATURE REVIEW 
 
2.1 Acacia Senegal (L) willd 
 Acacia senegal (L) willd. is a leguminous tree species of dry lands 
described by several authors. According to Elamin (1990) Acacia Senegal 
is a shrub or small tree 2-12 meters high with yellow to light brown or 
grey bark which is rough, fissured or flaking. Prickles are found at nodes 
in threes: two laterals pointing up-wards or forwards and one central 
pointing down wards or backwards. Acacia senegal tree is multi-purpose 
having many and varied uses. Its white hard wood may be used as local 
building materials, for fence pools, fuel and charcoal. 
The wood also yields a potash which is used some times as a 
substitute for salt. The tree is also a useful nitrogen fixer, thus helping in 
enriching poor lands (Jackson, 1957). The leaves, fruits and seed can be 
used as fodder for grazing animals. More over Acacia senegal  
plantations are very useful in controlling soil erosion and combating 
desert encroachment (Bond, 1919). But Acacia Senegal tree is most 
cherished and valued for production of the important ingredient gum 
Arabic.            
           Anderson and Dea (1969) compared composition analysis of gums 
from trees of single Acacia species and found that the variation between 
nodules from one tree is considerably less than between samples from 
different trees. They concluded  that in genus Acacia the gum exudates 
are characteristic of a particular tree of that species. Later Anderson et al. 
(1968) analyzed authenticated specimens of Acacia Senegal gum from 
different geographical locations with different types of soils, from 
different seasons, different times of collection with-in a season and they 
 4
concluded that gum viscosity depends on the age of the tree. The oldest 
and youngest trees studied gave gum of low viscosity. They also reported 
that clay soil sample viscosity decreases as a season continues where-as, 
in contrast, the viscosity of sand soils increases. 
            Edris (1989) reported that the intrinsic viscosity measurement for 
samples obtained from trees of different ages showed an initial increase 
in the weight average molecular mass, peaking at 15 years, then 
decreasing with further increase of tree age. 
              Natural regeneration is usually by coppice under the traditional 
gum cultivation cycle which is 15-20 years. The general idea is 4 years 
cultivation and 12 years gum. Tapping for gum commences at 4-5 years 
with maximum at 9 years Hussein (2006) reported that the tree is useful 
for soil erosion control, sand dune forestation and rehabilitation of 
degraded land. It is also significant in dry land agroforestry mixed with 
traditional field crops e. g millet, sorghum (Hussein, 2006).     
2.2 Distribution of Acacia senegal (L.) willd 
         The origin of Acacia Senegal  is reported by FAO (1956) as the dry 
tropical and sub tropical Africa. According to NAS (1979), the tree 
occurs naturally in a belt 300 km wide extending through the Sahara 
Desert, from Mauritania to Sudan, Ethiopia, Somalia, also in east Africa 
and extends southwards to Mozambique, Transvaal, Natal, along the 
southern coast of Africa and Iran; and Pakistan and north west India. It 
also reported to occur in Ivory Coast (Ross, 1968). 
             Andrews (1984) divided the Sudan into seven vegetation regions, 
which still is the basic classification in the Sudan. In this early 
classification, the gum belt was included in the Acacia short grass scrub 
region. The wetter parts of this region are favorable to hashab (Acacia 
Senegal). This continues in the wetter vegetation zone in the south (Badi 
et al., 1989). On the other hand, Harrison and Jackson (1958) classified 
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the gum belt under low rainfall woodland savannah on clay and sand, and 
special area. The same authors reported occurrences of the species as a 
component of six plant communities as fallow: 
1.  Acacia mellifera thorn land on dark craking calys, and Acacia 
mellifera on hill soil. 
2.  Acacia seyal- Balanites savannah alternating with grass areas. 
3.  Acacia Senegal savannah. 
4.  Combretum cordofanum-Dalbergia-Albizia sericocephala 
savannah woodland. 
5.  Terminalia- Sclercocarya- Anogeeissus- Prosopis savannah zone. 
6.  Baggara repeating pattern.  
2.3 Agroforestry 
ICRAF (1993) defined agroforestry as a positive biological 
interaction resulting in a positive economic interaction .According to Dirk 
(1986) agroforestry was defined as a profitable mixing in time or space of 
perennials with annuals and\or animals.  
Lundgren (1982) defined agroforestry as a land use system or 
practice that permits significant economic and ecological interactions 
between the woody and non-woody components. Similarly Burley and 
Von Carlowitz (1984) noted that multipurpose trees as those which are 
deliberately grown, kept and managed for preferably more than one 
intended use, usually economically and/or ecologically motivated major 
products and/or services. It is sustained land management system that 
increases over all production combining agricultural crops, trees crops 
and\or animals simultaneously or sequentially on the same unit of land 
applying management practices that are compatible with the cultural 
pattern of local people (Raintree, 1984).    
 King (1987) defined agroforestry as the practice all over the world 
cultivating tree species and agricultural crops in intimate combination. In 
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20th century, the system became more popular as a relatively inexpensive 
method of establishing forests (Shebbeare, 1932).  
           There are many forms of agroforestry but the common types 
according to Hussein (2006) are: 
A-  Agrisilvicultural in which agriculture and forestry are combined in 
different ways viz: Cultivated fallows, hedge rows, intercropping, 
alley cropping on-farm planting, wind breaks and screen shelters. 
B-  Silvo-pastoral: wood and domestic animals: multi-purpose forage 
trees are grown in fields for pasture. 
C-  Agro silvo-pastoral: agriculture plus forestry plus live stock..           
In Sudan agroforestry has been mainly practiced with Acacia 
senegal and Acacia albida in the form of taungya and intercropping  or 
on farm planting. The system has helped establish large areas of Acacia 
senegal in the central clay plains and sandy soils sowing Acacia senegal 
seeds with Sorghum vulgare in sands of western Sudan. 
2.4 Effects of agroforestry on soil  
         There are various avenues through which the leguminous woody 
perennials could improve and enrich soil conditions. These include 
fixation of atmospheric nitrogen, addition of organic matter through litter 
fall and dead and decaying roots, modification of soil porosity and 
infiltration rates leading to reduce erodability of soil and improving the 
efficiency of nutrient-cycling within the soil plant system (Nair, 1984). 
Tree planting along contours is widely recommended both to reduce run 
off and protect terraces wherever such physical soil conservation 
measures are adopted (Wenner, 1980). These soil conservation benefits of 
woody perennials can conveniently be exploited in agroforestry if the 
chosen species can provide additional benefits and out puts such as 
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fodder, fuel, wood and food etc (Zeuner, 1981). A typical example is the 
extensive use of Acacia albida in the groundnuts and millet production 
areas of sub Saharan Africa (Felker, 1978). Junk (1984)) described the 
potential of the Paraiso woodlot system, which is becoming popular as an 
agroforestry  alternative to land use in the degraded acid sandy soils of 
the humid subtropical Guayaybi area of Paraguay. In tropical soils, where 
the predominant constituents are quartz sand and kaolinite, the humified 
and partially decomposed organic matter are important components 
contributing to the nutrient and water holding capacity, buffer capacity 
against sudden fluctuations in soil pH, and for maintenance of stable soil 
structure. High rates of decomposition of fresh plant residue may not be 
critical; the important aspect is to effectively maintain high level of soil 
organic matter so that water and nutrient retention and soil structure are 
favorable for crop production.         
2.5 Soil moisture 
        Below-ground plant interaction is the most important factor 
regulating the yield in the semi-arid tropics, where water is the prime 
environmental factor limiting crop growth (Ong et al., 1991). In the 
present study the intercropping design (different tree densities with crops; 
pure trees and pure crops) caused variation in soil moisture and 
physiological traits of both trees and crops. In particular, the effect was 
clear in the 0-75 cm topsoil layer. This finding is inline with that by 
Ansley et al. (1998), who found that resources necessary for growth of 
individual Prosopis glandulosa trees become gradually more limiting 
under increasing stand density.  
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2.6 Soil organic matter 
 Conversion of native land vegetation cover generally decreases soil 
organic matter (Cole et al., 1989; Peri, 1992; Schole and van Breemen 
1997; Doe, 1999; Schlesinger and Andrews 2000). During intense 
cultivation, without fertilization or addition of organic matter, this may 
lead to fast decrease of soil organic matter (Bugonovsky and Wagnen 
1998).   
 Also over grazing implies that the amount of both live and dead 
biomass removed by animal is higher than that removed during low 
intensity grazing. The effect on production is also larger (Mitherell et al., 
1993). With in the fallow periods, soil organic matter increases and 
natural regeneration of Acacia senegal and other species as well is 
common (Alstad, 1991). 
 Soil quality is improved by increased soil organic matter content. 
Better water holding capacity would imply less need for irrigation, 
improved micro-aggregate structure, preventing erosion and stabilizing 
effect on the soil structure (Jewitt and Manton, 1954; Gerakis and 
Tasangarakis, 1970;Le Houerou, 1995; Batjes and Sombrock, 1997; 
Batjes, 1999; Lai et al., 1999).    
 Batjes (1999) also indicated that a large pool of soil organic matter 
with low decomposition rates permits a long lasting mineralization of N 
and other minerals. 
2.7 Soil organic carbon 
          In addition to climate and cropping intensity, fallow periods, fire 
frequency and grazing intensity and type of crops influence soil carbon 
(Ardo and Lennart, 2003). Elagib and Ansell (2000) reported that the 
rates of soil carbon gain following a given application (e.g. specific type 
of crop or management) is highest in the beginning and then decreases 
 9
over time. The grazing or high intensity grazing of the savannahs from 
1951 to 2000 did not decrease the soil organic carbon but increased it 
(Manelly et al., 1995; Derner et al., 1997; Reeder, 2002). Controlled  
grazing e.g. less grazing ,also increased soil organic carbon (Anorymous, 
1999). Generally available data do not indicate a consistent response of 
soil organic carbon to grazing (Manely et al., 1995). 
The grass lands on the other hand, show decreasing soil organic carbon 
(Mclntoch et al., 1997). Water availability varies strongly by season in 
Sudan; seasonal variation with significantly higher soil organic carbon 
during the wet season have been reported by Eltahir et al. (2002) in North 
Kordofan. 
           Several semi-arid areas of the world are vulnerable to 
environmental changes and are degraded partly due to reduction in the 
permanent plant cover (Le Houerou, 1995); this degradation includes 
reduced soil organic carbon levels, lower soil nutrient contents, lower 
water holding capacity and increased risk of erosion (Batjes, 1999). Soil 
carbon has favorable effects on the chemical, physical and thermal 
properties of the soil as well as on the biological activities in the soil. 
There is commonly a clear correlation between soil organic carbon in the 
top soil and crops yield (Batjes and Sombrock, 1997).     
2.8 Fertility and other soil properties 
        Many authors have reported about how trees affect soil properties 
and fertility in arid and semi arid regions (Hirobe et al., 2001; Karamalla 
et al., 1998; Wezel, 2000; Bayala et al., 2002; Abrams et al., 1997; 
Jaiyeoba, 1996; Belsky et al., 1989; Abrams et al. (1989). 
The soil fertility in the arid and semi arid regions is found to be 
higher beneath trees and shrubs canopy (Viriginia and Jarrell, 1983; 
Bernhard-Riversat 1982).Trees and shrubs also enhance the abundance 
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and activity of the microbial biomass (Kaye and Hart, 1997; Kennedy and 
smith, 1995; Kieft, 1994). 
         Belsky et al. (1989) reported that 35% to 60% higher soil microbial 
biomass and carbon at the top soil were reported under some trees. 
Physically, lower bulk density, higher water infiltration rates and good 
soil macro porosity under trees and shrubs were noted (Belsky et al., 
1989). Rhoades (1997) and Belsky et al. (1989) detected higher rates of 
nitrogen mineralization under tree canopies. On the other hand trees can 
compete with crops for moisture, nutrients and light (Begon et al., 1996). 
How ever usually in tree-crop systems the competition between the trees 
and crops is for the below- ground resources while the competition for the 
above ground factors (e.g. light, temperature, and humidity) is minor 
(Ong et al., 1991; Casper and Jackson (1997); Kochy and Willson (2000). 
Seif (1990) reported that the application of leucaena prunings was found 
to increase total fresh weight and total dry weight of sorghum bicolor. 
Moreover, crude protein of Sorghum bicolor was improved significantly 
when it was grown under mulch of leucaena prunings (Seif, 1990), 
Hussein (1991) 
2.9 Effect of Acacia senegal on soil properties             
        In Senegal, Deans et al. (1999) reported that soil organic matter; N, 
p and k concentrations were always greatest in surface horizon close to 
the stems of Acacia senegal. Moreover, they noted that there was little 
evidence of increasing P in surface soil as plantations aged. 
Correlation of amounts of N, K and P with amounts of soil organic 
matter were only significant in surface horizons and there was no 
evidence of soil amelioration other than near the soil surface (Deans       
et al., 1999). 
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        Young (1997) suggested that the potential contribution of Acacia 
Senegal trees in improving soil fertility would be reduced if litter 
deposited in to the soil is not enough. 
 Dean et al. (1999) found that felling of trees and harvesting wood 
of 2 cm diameter at age of 15 years Acacia senegal added 2.5, 60 and 35 
kg\ha of N, P and K respectively. Moreover, they reported harvesting a 
single year production of leaves and fruits at age 15 year would remove 
75%, 80% and 40% of N, P and K amounts respectively. Regular large-
scale fodder harvesting poses greater threat to soil nutrient budget in low 
input agroforestry systems than harvesting wood at the end of the trees 
rotation. The influence of Acacia Senegal on soil properties on sandy 
soils of north Kordofan is that it increased soil carbon, N, P in 
comparison to bare soil (Mohamed, 2005). Gerakis and  Tsangerakis 
(1970) stated that total nitrogen in soil under Acacia senegal in Goz soils 
compared with that under traditional agriculture was markedly higher 
around trees specially at a radius of 1.5-2.5 meter for the upper-most 
layer (0-10 cm) with no appreciable differences in the lower layers. The 
organic carbon was higher around the trees for all soils layer and 
particularly for the first layer. 
         The available potassium showed slight increase around the trees 
than away from them, while the available phosphorus, soil PH and clay 
content did not show much differences (Gerakis and Tsangerakis, 1970). 
Hussein, (1990) reported that the accumulation of carbon and nitrogen 
was higher under the old Acacia Senegal trees than the younger tree. 
      Nimer (2000) stated that Acacia senegal plantations had induced a 
considerable change in the soil morphology, physical and chemical 
properties. More over the major nutrient elements (N, P, K, Ca, Mg and 
Fe) have generally increased with various properties ranging from 10% to 
more than 130% (Nimer, 2000). Eltahir et al. (2004) investigated some 
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soil chemical properties and particle size under different Acacia species. 
They found that the different Acacia species had significant effects on all 
investigated soil properties. More over phosphorus, organic carbon and 
nitrogen were significantly higher under Acacia senegal than the other 
species and in bare soil (Eltahir et al., 2004). 
          Hussein and Eltohami (1998) stated that the effect of Acacia 
senegal was most pronounced on organic carbon, nitrogen and bulk 
density. The soil bulk density was lower under Acacia senegal on clay 
soil while, nitrogen and organic carbon were higher. 
        The impact of Acacia senegal on nutrient transformation particularly 
soil organic carbon and nitrogen in semi arid areas was investigated by 
Olsson et al. (2001); Olsson and Ardo (2002); Poussart (2002); Ardo and 
Olsson (2003); Jakubaschk (2002). 
          Fadl (1999) reported that there were significant differences in plant 
height, number of leaves, leaves area index and crop yields for ground 
nuts, millet and sesame under Acacia senegal trees compared with sole 
cropping on sandy soil. Alley cropping with Acacia senegal improves 
crops yield of field crops but the degree of increase in crops yield varies 
according to the nature of crop and the variation in site characteristics and 
environmental parameters (Fadl, 1999). 
2.10 Nitrogen fixation by Acacia senegal      
         Symbiotic fixation occurs only under young trees and not at all 
under adult trees (Reversat 1993).According to Bernhard (1982) no root 
nodules were noted in roots of mature Acacia senegal trees . 
        Nitrogen fixation in forest stands may in reality be important when 
trees are young and is considerably reduced with increasing stand age 
(Dommergues, 1995). Harmand (2003) hypothesized that some degree of 
nitrogen fixation continues in adult trees in agroforestry park land where 
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nitrogen is extracted by crops and mostly not returned to the soil. Nody  
et al. (1995) reported that Acacia senegal can fix up to 30% (0.48 g/plant) 
of its total nitrogen up take. Felker et al. (1980) stated that nitrogen 
fixation by leguminous trees was found to be in the range of 200 to 500 
kg N/ha /year with possible nitrogen fixation rate of 100 kg N/ha/year in 
areas receiving 500 mm annual rain fall. 
      In Sudan nodulation on roots of Acacia senegal is limited 
(Breeman and Kessler, 1995). This limitation is attributed mostly to low 
availability of phosphorus which is one of the most common nutrients 
limiting plant growth in semi arid regions (Sanchez and Palm, 1997; 
Sanchez, 2002). Also nitrogen fixation process is inhibited by availability 
of nitrogen (Geesing et al., 2000). There are un-certainties in the 
determination of the precise sources of nitrogen accumulation beneath 
wood legumes (Bursh and Tian, 1998). 
2.11 Effect of agroforestry on crops yield     
        Kwesiga (1993) noted that when un-fertilized Sesbania sesban is 
allowed to grow in the fallow land for two years, it can increase maize 
yield from 1.5 ton /ha up to 5 ton /ha. This figure increases to 6 ton /ha 
when the trees are left to grow for three years. 
       Similarly Dirk (1986) stated that an alley cropping system reduced 
soil and water run-off, and stopped the decline in crop productivity when 
used with maize and beans. 
       A comparison between the return to the family resources shows 
considerably lower return for alley cropping systems during the first three 
seasons followed by a significantly higher and increasing return from the 
four seasons onwards (Dirk, 1986). When Leucaena leaves were applied 
to the soil, maize yield was significantly higher (Kang    et al., 1985). 
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          Hussein (1996) reported that Luecaena purnings incorporated into 
the saline sodic soil in Sudan had ameliorated it and improved crops 
yield. In Negeria, alley cropping has given good results and crops yield 
have increased under the system (Wilson et al., 1968). 
Leuceana leucocephala prunings incorporated into the surface of 
the soil markedly increased yield of sorghum bicolor (Hussein, 1996). 
Farmer experience indicates that soil fertility increases under Acacia trees 
particularly nitrogen and carbon. 
Hussein (2006) noted that crops grown under Acacia abida yield 
more than away from the trees. Yield of various crops have increased by 
as much as 200% in the 4th year after establishment of the protective 
plantation (FAO, 1974). Fadl (2001) reported that sorghum yield was not 
significantly different between intercropped and pure sorghum, but was 
slightly higher in intercropped system. Tree density has a profound 
impact on sorghum productivity (Fadl, 2006) 
Lehmann et al. (1999) found that the grains yield of alley cropped 
sorghum was similar to or slightly higher than in monoculture, when 
sorghum was alley cropped with Acacia suligna in northern Kenya. 
Mohamed (2005) attributed the higher production of grains in 
intercropped sorghum at low tree density in comparison with high tree 
density and this could perhaps be due to below –ground competition 
between tree and sorghum crop for nutrients and soil moisture. According 
to Kessler (1995) the variation in shading and there- fore yield reduction 
depends on trees spacing, size and canopy structure. Bostid (1996) noted 
that sorghum is a basically short day species, adapted to a wide range of 
ecological conditions. It is essentially a plant of hot, dry regions. 
           Similar competitions between hedge rows and alley crops have 
been reported by many scholars (Korwar and Radder, 1994, 1997; Roa   
et al., 1991). Korwar and Radder (1977) observed that sorghum 
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cultivated under tree canopy are taller than those in the inter space 
between trees and also sorghum under trees canopy mature later. This 
could be due to high soil fertility and favorable moisture conditions and 
of course to reduce height intensity. Korwar and Radder (1997) reported 
similar results for alley cropped sorghum with Leucaena leucocephala in 
India. The cropping season had profound effects on sorghum production. 
Sorghum yield was nil in the first season, good in the second season and 
intermediate in the third season (Fadl, 2001). 
      Hussien (1996) reported that the vegetative growth of the field 
crops is not much influenced by the tree spacing adopted. Yet the general 
trend is more growth with wider trees spacing. Thus there greater number 
of leaves as the trees spacing increases particularly for sesame which 
responded positively to increased spacing. The number of days to 50% 
flowering increased with wider trees spacing specially for the graminae 
e.g. sorghum and millet (Hussein, 1996). The same author reported that 
plant height for sorghum increased with tree spacing. 
2.12 Use of multi purpose trees in agroforestry 
In qualitative terms fuel-wood charcoal is the most frequently 
identified single use of multipurpose trees. This is followed, in the order 
of number of incidents by fodder, food, medicinal use (Junk, 1984). 
The role of woody perennials on farm lands for producing fuel 
wood is another example of the productive role of the species in 
agroforestry (NAS, 1980). 
2.13 Usage of agroforestry for animal: 
In the animal agroforestry systems the woody components could be 
used either as a source of fodder to improve live stock productivity or to 
obtain another commodity such as fuel or timber, silvo pastoral system 
can be grouped into browse grazing and production fields (Torres, 1983). 
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2.14 Agroforestry and the internal environment               
Some authors have argued that agroforestry systems are indeed less 
subject to variation in physical out put than mono-cropping systems 
(Arnold, 1982; Harou, 1983). However the problems facing agrororestry 
systems is the fact that the state of the market for many new agroforestry 
products is more un certain (subject to fluctuation) than the market for the 
traditionally grown products. 
2.15 Influence of trees on soil plant-systems 
            Many authors have reported about how trees affect soil properties 
in arid and semi arid regions (Hirobe et al., 2001; Wezel, 2000, Bayala   
et al., 2002; Abrams et al., 1997; Joiyeoba, 1996; Belsky, 1994; Belsky  
et al., 1989; Abrams et al., 1990). 
Soil fertility in arid and semi- arid region is found to be higher 
beneath trees and shrubs canopy (Virginia and Jarrell, 1983; Bernhard, 
1982). Different ideas have been formed about the nature and amount of 
soil nutrients under different trees and shrubs (Virginia and Jarrell, 1983). 
Trees and shrubs also enhance the abundance and activities of the 
microbial biomass (Kaye and Hart, 1997; Kennedy and Smith, 1995; 
Kieft, 1994). Belsky et al. (1989) reported 35% to 60% higher soil 
microbial biomass and carbon at the top soil under some trees. Physically, 
lower bulk density, higher water infiltration rate and good soil macro 
porosity under trees and shrubs were noted (Belsky et al., 1989). Rhoades 
(1997) and Belsky et al. (1989) detected higher rates of nitrogen 
mineralization under trees canopies. 
            On the other hand trees can compete with crops for moisture, 
nutrients and light (Begon et al., 1996). Noordurijik and Hairiah, (2000). 
How ever in tree-crop systems the competition between trees and crops is 
usually for the below ground resources while the competition above 
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ground factors (e. g light, temperature and humidity) is minor (Ong et al., 
1991; Casper and Jackson, 1997; Kochy and Willson, 2000). 
2.16 Yield of field crops 
Fadl (2001) reported that although sorghum yield was not 
significantly different between inter cropped and pure sorghum yet this 
was slightly higher in inter cropped systems. Here tree density seems to 
have a profound effect on sorghum productivity.  
               Similarly, Lehmann et al. (1999) reported that the grain yields 
of alley cropped sorghum was similar to or slightly higher than in mono 
culture when sorghum was alley cropped with Acacia soligna in northern 
Kenya. 
              Mohamed, (2005) attributed the higher production of grains in 
inter cropped sorghum at low tree density in comparison to high tree 
density to below- ground competitions between trees and sorghum plants 
for nutrients and soil moisture. 
            According to Kesslers (1995) the variation in shading and there- 
fore yields reduction depend on tree spacing, size and canopy structure. 
            Bostid (1996) noted that sorghum is basically a short-day species 
adopted to a wide range of ecological conditions, it is essentially a plant 
of hot dry regions and differentiates from vegetative to reproductive 
growth when day –length shortens to 12 hours. Similar competition 
between hedge rows and alley crops have been reported by many scholars 
(Korwar and Radder, 1994, 1997; Roa et al., 1991). 
. Fadl (1999) reported that the vegetative growth of the field crops 
is not much influenced by the tree spacing adopted. Yet the general trend 
is more growth with wider tree spacing. 
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Thus there is greater number of plant leaves as the tree spacing 
increases particularly for sesame which responded positively to increased 
spacing.  
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CHAPTER THREE 
MATERIALS AND METHODS 
 
3.1 Materials 
The study area was in Dali Rural council .Abu Hugar district of 
Sinnar state at Tozi forest 9 kilometers west of Wad elnayal village. 
Ecologically, the area lies within the low rainfall savanna woodland 
,where the dominant natural tree cover is Acacia seyal, Balanitis 
egyptiaca, Acacia melifera is also found along water courses. Acacia 
senegal is mainly found on upper lying grounds in addition to the old 
agricultural schemes in which sorghum, sesame, groundnuts and guar are 
the main crops grown. The area is also covered with pasture plants and 
grasses e.g. Sorghum arundinaceum, Solamum dubium, Aristolochia, 
Striga hermonthica and Ipomoea cordofana. Pedologically major soil 
type expands within the central clay plains of Sudan where the soil type is 
vertisol according to the 7th approximation soil classification of USDA. 
This is montimorillonitic clay, which cracks during the dry season. 
It is moderately fertile and swells up in the rainy season. It is moderately 
fertile and is prone to deterioration if intensively cultivated for long  
periods. 
According to Sudan metrological report (1941-1970) the area is 
characterized by a maximum temperature of 41.1oC during April and a 
minimum temperature of 15c◦ during January and 21.1oC – 31.2oC during 
August – September. Relative humidity is lowest in March –April (56%) 
and highest in August (71%). Mean annual rainfall ranges between 455 
mm and 576 mm at Abunama (12o44″N and 30o08″E) and 470 mm-736 
mm at Aldamazen (11o45″N and 34o24″E). There is an average variation 
of 15% of the long term mean. According to Abunama Agricultural 
 20
Research Station, the mean annual rainfall for the two experimental 
seasons (2006/2007and 2007/2008) were 663.9 mm in 2006 and 587.4 
mm in 2007.Wind speed averages 12 kilo- meters\hour with dust storm in 
summer. Kenana tribe is the dominant population but a lot of immigrants 
had also settled around Dali. The experimental site lies within Dali 
scheme, one of the two pioneer mechanized schemes in Blue Nile clay 
plains. These were cultivated mainly with sorghum and sesame. But the 
scheme had to be abandoned due to declining crops yields as a 
consequence of diminishing soil nutrients. The scheme areas were then 
allocated for planting Acacia Senegal trees during the early seventies for 
gum Arabic production for which these plantations are managed up to the 
present by the Forest National Corporation. The land utilization patterns 
are traditional rain fed agriculture and mechanized large scale schemes 
where ever feasible.    
Animal husbandry and charcoal \fire wood trade are profitable 
enterprises in the region. The research site Tozi forest (14000 feddans) 
embodies different Acacia Senegal age groups ranging from 7to 20 years 
with an over all average tree density of 160 trees\feddan planted 
originally at 4x4 meter and 5x5 meter spacing. The experimental plots 
were established in plantations of 7to 12 years age with an average tree 
height of 3to 4 meters.  
3.2 Methods 
The site was thoroughly weeded and cleared manually of 
undesirable vegetations and fenced where ever necessary. 10 × 20 meter 
plots were laid down during May and seeds were sown during August 
after testing for germination at the recommended spacing of 20 cm, 10 
cm and 25 cm for ground nuts, sesame and sorghum, respectively. The 
seed rates applied were 2, 4 and 3 seeds per hole for ground nuts, sesame 
 21
and sorghum respectively as per the standard practice of Abu Nama 
Agricultural research station. Crops were cultivated for two seasons. The 
following crop growth parameters were measured:  
3.2.1 Plant height (cm) 
  Small representive sample which will not affect the growth were 
chosen, five plants were selected from the centre of each plot and tagged 
for height measurement from ground level (root collar) to the stalk tip to 
the nearest centimeter using measuring tapes.  
3.2.2 Root length    
Five plants were selected from the centre of each plot and smoothly 
taken out to reach measurement of root length from ground level (root 
collar) to the root tip to the nearest centimeter using measuring tape.     
3.2.3 Number of leaves per plant 
Five plants were selected from the centre of each plot and the 
average number of leaves were recorded. 
3.2.4 Number of days to 50% flowering   
By observing the cultivated plots for flowering, the number of days 
required for 50% flowering, was recorded. 
3.2.5 Crop yield  
Seed  yield for each crop at each plot of 20x10m distance for inter 
cropping and of 7x6m distance for the sole crop was collected at harvest 
time, weighed in kg and then converted to yield per hectare. 
Crops were harvested at maturity and seeds weighed on a field 
balance for each plot in kilograms then converted to yield per hectare. 
  Yield per hectare = 10000 × kg per plot 
                                                 Plot area (m) 
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Land equivalent Ratio (LER) 
Was calculated to evaluate the production of mixed cropping 
system according to Beets (1982) as  
   LER =         Crop A yield in mixture     
                           Crop A yield in pure stand 
 then if 
 LER<1  inter cropping is inferior to sole cropping. 
 LER=1 no differences between inter cropping and sole. 
 LER>1  inter cropping is better than sole cropping. 
 
Acacia senegal trees were measured for height using graduated 
pole in meters and for diameter at breast height in centimeters using small 
caliber.  
Tree canopy projection was determined by taking horizontal crown 
projections along the maximum and minimum crown sides using a 
measuring tape along the ground below to the crown projection. 
3.2.6 Gum yield 
Ten selected trees were tapped in the local conventional way by the 
traditional (sonki) tool and sometimes the axe. Five branches  
fom each tree were tapped (for the tapping intensity study) from mid 
October on wards (five pickings), and the gum from each tree was 
collected and weighed. 
The first gum picking was carried out six weeks after tapping and 
subsequently, the remaining pickings were done every 15 days from the 
previous one. The total gum for each tree was recorded (kg). 
Soil samples were taken prior to and after crop cultivation to     
gauge the effect of cropping on major soil nutrients. Laboratory analysis 
was done according to USD handbook No 60 at the soil laboratory of the 
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department of soil and environmental studies, Faculty of Agriculture, 
University of Khartoum. 
3.3 Statistical analysis 
The experimental design used randomized complete block design 
(RCBD) with three treatments and four replications.  
Data were analyzed according to SAS computer program. 
3.4 Experimental design  
            The experimental design used randomized complete block design 
(R CBD) with three treatments and four replications. Technically the lay 
out consist of three blocks each consist of sixteen plots, while the sole 
crop as a control block (Table 3.1).   
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Figure 1: The experiment lay out 
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(c) Ground nuts 
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CHAPTER FOUR 
RESULT AND DISCUSSION 
 
In this study, the data for crops measurement are presented in table 
1, 2, 3, 4 and 5, those of soil are presented in Tables 6, 7, 8and 9. The 
gum yield is presented in Table 10. 
4.1 Plant height (cm)  
The plant height of crops grown with and with out hashab trees is 
shown in table (1); Fig. (1, 2 and 3). Analysis of variance for sorghum 
and sesame showed that there are significant differences among the inter 
cropping system 4x4 m and sole cropping. 4x4 m inter cropping attained 
the higher score (180 cm) for sorghum plant height followed by the inter 
cropping 4x8 m (150cm) and lastly the sole cropping system (139 cm); 
the same pattern was registered in the second season. 
Plant height for ground nuts was highest at 4x4m inter cropping 
(21.2 cm) followed by 4x8m inter cropping (18.4 cm) and sole cropping 
(17.5 cm). This result is similar to the finding of Hussein (1990) who 
reported that the plant height decreases with the increase in tree spacing. 
The differences in plant height at the different crop systems can be 
attributed to the competition of crops and trees for light. 
4.2 Root length (cm) 
Growth in root length is presented in Table (2) and Fig. (4, 5 and 6) 
which shows significant differences in root length at the different 
cropping systems. The root length decreases with increasing trees spacing 
for both sorghum and sesame. 
For groundnuts, root length is significantly higher at 4x4m inter 
cropping system (14.3 cm) as compared with the sole cropping system 
(8.3 cm). This difference in growth of root length may be attributed to the  
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Table 1. Plant height (cm) of crops grown with and with out hashab trees 
 
Season 2006-2007 Season 2007-2008 Field crop 
 
Treatment Sorghum Sesame Ground-nut Sorghum Sesame 
Ground-
nut 
Inter cropping at 4x4 
m tree spacing 180.0
a 159.9a 21.2a 189.3a 157.1a 19.9a 
Inter cropping at 
4x8m tree spacing 260.0
ab 138.0b 18.4b 152.1b 140.0a 18.8a 
Sole cropping 139.0b 136.1b 17.5b 137.0b 135.2a 17.0a 
 LSD=37.6  LSD=17.7 LSD=2.3 LSD=29.5 LSD=28.5 LSD=2.9 
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Fig. 1. Plant height at 4x4 m tree spacing 
 
 
 
 
Fig. 2. Plant height at 4x8 m tree spacing 
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              Fig. 3. Plant height at sole crop 
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Table 2. Root length (cm) of crops grown with and with out hashab trees 
 
Season 2006-2007 Season 2007-2008 Field crop 
 
Treatment Sorghum Sesame Ground-nut Sorghum Sesame 
Ground-
nut 
Inter cropping at 4x4 m 
tree spacing 17.9
a 16.0a 14.3a 15.4a 16.6a 14.5a 
Inter cropping at 
4x8m tree spacing 13.7
b 14.1b 12.1ab 14.3a 15.8a 10.2b 
Sole cropping 11.0a 13.0c 9.9b 11.9a 15.9a 8.3b 
 LSD=1.9 LSD=0.4 LSD=2.5 LSD=4.3 LSD=1.2 LSD=3.7 
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Fig. 4 Root length inter cropping at 4*4 m tree spacing 
0
5
10
15
20
2006 2007
year 
Sorghum
Sesame
Ground nuts
 
 
 
Fig. 5 Root length inter cropping at 4*8 m tree spacing 
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Fig. 5. Root length inter cropping at 4x8 m tree spacing 
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Fig.6 Inetr cropping at 4*4 m tree spacing 
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Fig. 6. Root length at sole crop 
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strong competition for water. However, the pattern in the second season 
shows no significant differences in growth of root length for the different 
crops probably due to the higher rain fall during that season. The result of 
sesame root length is similar to the result obtained from Elobied and 
Eldemokeya by Fadl (2006) who stated that the increase in the height 
growth may attribute to better growth environment provided by the trees. 
4.3  Number of leaves 
Number of leaves is presented in Table (3) and Fig. (7, 8 and 9). 
The number of leaves for all crops decreased with the increase of trees 
spacing. Significant reduction of leaves was observed in sorghum crop 
with increasing tree spacing. The crops seem to increase the number of 
leaves so as to compensate for the reduction of light. For ground nuts, 
there was significant difference in number of leaves in the second 
growing season. Sesame did not show differences in leaf numbers in all 
seasons. In this respect, Nsereldin, (2004) reported that there was no 
significant difference in number of leaves with the different tree spacing 
adopted in Nyala locality, since the leaves are considered as the centers 
for carbohydrate production, through photosynthesis process increasing 
number of leaves usually associate with increasing in seed yield. 
4.4 Days to 50% flowering                            
The number of days to 50% flowering is presented in Table (4) and 
Fig. (10, 11 and 12. Flowering of sorghum had increased as the trees 
spacing increased. This result agrees with the finding of Hussein (1990) 
who reported that flowering increased with wider trees spacing specially 
for gramineae, this can be attributed to the fact that many crops of family 
gramineae are long day crops. The result also resembles the finding of 
Korwar and Radder (1997) who stated that sorghum under trees canopy  
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Table 3. Number of leaves of crops grown with and with out 
hashab trees 
 
 
Season 2006-2007 Season 2007-2008 Field crop 
 
Treatment Sorghum Sesame Ground-nut Sorghum Sesame 
Ground-
nut 
Inter cropping at 4x4 
m tree spacing 5.1
a 72.1a 45.1a 9.2a 80.0a 51.0a 
Inter cropping at 
4x8m tree spacing 4.2
b 69.2a 39.3a 6.8b 72.3a 40.1b 
Sole cropping 3.7c 45.8a 37.1a 6.1b 65.1a 39.0b 
 LSD=0.45 LSD=15.4 LSD=9.2 LSD=0.70 LSD=14.9 LSD=8.6
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Fig. 7  Number of leaves
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Fig 8  Number of leavesInter cropping at 4*8 m tree spacing
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Fig. 8. Number of leave/plant inter cropping at 4x8 m tree spacing 
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Fig. 7. Number of leave/plant inter cropping at 4x4 m tree spacing 
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Fig 9 Number of leaves
icropping at sole tree 
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Fig. 9. Number of leave/plant inter cropping at sole tree 
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Table 4. Days to 50% flowering of crops grown with and with out 
hashab trees 
 
Season 2006-2007 Season 2007-2008 Field crop 
 
Treatment Sorghum Sesame Ground-nut Sorghum Sesame 
Ground-
nut 
Inter cropping at 4x4 
m tree spacing 76.4
a 62.1a 59.1a 77.9a 63.5a 61.2a 
Inter cropping at 
4x8m tree spacing 73.2
b 601.1a 72.0b 71.6ab 61.2a 66.3b 
Sole cropping 70.8b 59.3a 74.4b 69.2b 59.8a 61.2a 
 LSD=2.9   LSD=9.4 LSD=2.4 LSD=6.4 LSD=18.8 LSD=4.4
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Fig 10 Days to 50% flowering
inter cropping at 4*4m tree spacing 
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Fig. 11. Days to 50% flowering inter cropping 4x8 m tree spacing 
Fig. 10. Days to 50% flowering inter cropping 4x4 m tree spacing 
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Fig 12 Days to 50% flow ering
Inter cropping at sole spacing 
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Fig. 12. Days to 50% flowering inter cropping at sole spacing 
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in western Sudan mature later. Days to 50%flowering shows no 
significant difference for sesame at the different cropping systems. 
However days to 50% flowering for ground nuts are reduced as the trees 
spacing decreased; this may be due to the fact that ground nuts is a short 
day crop. 
4.5 Crops yield (kg\ha) 
Crop yield is presented in Table (5) and Fig. (13, 14 and 15). Yield 
of sorghum was significantly (p ≤ 0.05) higher at the inter cropping 
spacing of 4x8m (1786.7 kg/ha−1) as compared with the inter cropping 
spacing of 4x4m (1205.0 kg/ha─1) and sole cropping (750.0 kg/ha─1).  
In the second season sorghum yield followed the same pattern as 
season one giving yield of (1315.5 kg/ha) for 4x8m, (895.0kg ha) for 
4x4m and (407.5 kg ha) for the sole cropped system. The result is similar 
to that obtained in sandy soils by Mohamed (2005) in Eldemokeya forest 
reserve who reported a yield of 166kg\ha for inter cropped and 135 kg\ha 
for sole cropping. Similar finding were reported by Naseldin (2004) in 
Nyala Gardud soil giving 600 kg\ha and 380kg\ha yields for sorghum at 
the inter cropping spacing 8x8m and 4x8m respectively. 
In kordofan sandy soils, Fadl (2006) indicated that tree density has 
a profound impact on ground nuts productivity giving yields of 356kg\ha 
for inter cropping. 
Moreover, Lehmann et al. (1999) reported that the inter cropped 
sorghum yield is slightly higher than the mono cropped sorghum yield. 
The yield increase of inter cropped sorghum may be due to the 
higher fertility under Acacia Senegal trees as stated by Bayola et al. 
(2002) since sorghum yield at inter cropping system 4x8m attained the 
higher score (1786.7 kg\ha) as compared to the yield at inter cropping 
spacing 4x4m (1205.0kg\ha). This can be explained by Nair’s conclusion  
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Table 5. Yield of crops grown with and with out hashab trees 
(kg\ha) 
 
Season 2006-2007 Season 2007-2008 Field crop 
 
Treatment Sorghum Sesame Ground-nut Sorghum Sesame 
Ground-
nut 
Inter cropping at 
4x4 m tree spacing 1205.0
a 285.0a 1180.0 77.9a 63.5a 61.2a 
Inter cropping at 
4x8m tree spacing 1786.7
b 428.6b 1952.5b 1315.5b 486.3b 1154.8b 
Sole cropping 750.0c 342.5c 997.5c 407.5 278.8a 751.3c 
 LSD=447.2 LSD=26.6 LSD=114.4 LSD=278.8 LSD=89.8 LSD=136.3
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Fig 13 Yields (kg\ha) inter cropping at 4*4m tree spacing 
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Fig. 13. Yields (kg/ha) inter cropping at 4x4 m tree spacing 
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Fig. 14. Yields (kg/ha) inter cropping at 4x8 m tree spacing 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 44
 
Fig 15 Yields (kg\ha)
inter cropping at sole tree spacing 
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Fig. 15. Yields (kg/ha) inter cropping at sole tree spacing 
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that if soil is relatively fertile, competition for light between crops may be 
the main critical factor when water is adequate. 
Many authors noted that competition for soil water, which is likely 
to take place in most agroforestry systems, is considered as a limiting 
factor for crop yields (Leroux et al., 1995; Demontard et al., 1999; Ong 
and Leakey, 1999). The above registered facts were  confirmed by the 
suggestion draw by Casper and Jackson(1997), Huang (1998), Ong and 
Leakey (1999), who suggested that in inter cropping systems, competition 
among plants occurs below and above ground. Rao et al. (1997) 
concluded that in inter cropping, shallow-rooted crops and deep rooted 
trees can be grown together to share the resources in a complementary 
manner.  
However, arguments have been raised against the occurrence of 
complementarily in dry land environments. 
Recent data about the yield of mechanized agriculture at Wad 
Elnayal area showed that the mean yield for the sorghum at the five 
recent years is about 660kg\ha at mean annual rainfall of about 552 mm 
compared with 1500kg\ha as the mean for sorghum production at 879.5 
mm mean annual rainfall in this study. More over the mean yield for 
sesame was 176kg\ha at the four recent years compared with 350kg\ha as 
the mean for this study. A back dated survey of Dali mechanized 
agriculture schemes in 1988 carried out by the Institute of Environmental 
Studies of the university of Khartoum showed that these schemes were  
abandoned due to the reduction in yield of crops as a result of continuous 
cultivation. 
4.6 Land equivalent ratio (LER)      
Land equivalent ratio computed for different cropping systems 
indicated the following:  
LER= 1.5 for sorghum; LER= 1.2 for sesame 
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LER = 1.9 for ground nuts 
These indicated that inter cropping is superior to the sole cropping. 
The results are similar to the result of Mohamed (2005); Nasereldin 
(2004) and Eltohami (1993). 
4.7 Soil nutrients 
In this study, inter cropping with Acacia senegal reveals positive 
advantages with regard to soil physical and chemical characteristics. This 
agrees with Hussein (1983) who reported that Acacia senegal in the 
sandy soils of western Sudan had ameliorated the soil particularly 
increasing organic carbon and nitrogen levels. 
4.8 Level of macro elements 
Level of macro elements are presented in Table (6). Phosphorus 
showed no significant difference at the different crops systems and at the 
different soil layers, however the slight decrease of phosphorus with 
spacing increase can be attributed to the decrease of trees residue which 
contain high amount of phosphorus, this result agrees with the result 
obtained by Fadl (2006) in Eldemokeya forest reserve in north Kordofan. 
Slight decrease was recorded for calcium at the inter cropping 
systems4x4m and 4x8m as compared with sole cropping. This increase of 
calcium level at the sole cropping may be due to the fact that the open 
area is usually subjected to wind and water activities which may assist in 
sedimentary soil formation with high calcium contents.   
4.9 Content of nitrogen and organic  
Carbon in the soil 
Nitrogen and organic carbon are presented in Table (7). Nitrogen 
decreased significantly with the increasing of tree spacing. This finding is 
similar to that obtained by Mohamed (2005) who conducted the 
experiment at Eldamokeya forest site in North Kordofan. More over, soil. 
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 Table 6. Level of macro elements in the soil (mg/g) 
 
 
Phosphorus  Calcium 
Soil depths (cm) 
Attribute 
 
Treatment 
30 60 90 30 60 90 
Inter cropping 4x4m 4.9a 4.6a 4.1a 0.2a 0.2a 0.3a 
Inter cropping 4x8m 3.9a 3.8a 3.1a 0.2a 0.2a 0.3a 
Sole cropping 3.6a 3.7a 3.6a 0.3a 0.3a 0.3a 
 LSD=1.4 LSD=0.2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                                                                           
 
 
 
 48
 
Table 7. Content of nitrogen and organic carbon in soil (mg\g) 
 LSD=0.002                 LSD=0.01 
 
Nitrogen Organic carbon 
Soil depths (cm) 
Attribute 
 
Treatment 
30 60 90 30 60 90 
Inter cropping 4x4m 0.06a 0.06a 0.05a 0.9a 0.08a 0.09a 
Inter cropping 4x8m 0.04b 0.04b 0.03b 0.07b 0.07a 0.08a 
Sole cropping 0.02c 0.02c 0.02c 0.06b 0.04b 0.05b 
 LSD=0.002 LSD=0.01 
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organic carbon increased significantly in the inter cropping systems 4x4m 
and 4x8m, since the organic carbon depend on the amount of trees leaves 
falling leaves of trees. 
  
This result agrees with the finding of Hussein and Eltohami (1993) 
in Eldali scheme giving 17.7% and Mohamed (2005) in Eldemokeya 
forest site showing 0.006mg/g. The higher level of organic carbon under 
trees can be attributed to the dense trees residues and vegetations. 
4.10 Level of micro elements 
Micro elements are presented in table (8).The amount of Sodium 
and magnesium showed no differences at the different crop systems, 
while potassium decreased significantly at the tree spacing increased. The 
amount of potassium looks similar at the different soil layers. This result 
agrees with the finding obtained by Deans et al. (1999) in an experiment 
carried in north Senegal.   
4.11 Soil characteristics 
Soil characteristics are presented in Table (9). Sodium absorption 
ratio and electric conductivity extracts showed no differences among the 
different crop systems but bulk density decreased at the inter cropping 
systems 4x4m and 4x8m; this result is akin to the finding of Belsky et al. 
(1989) who stated that bulk density decreased under trees and shrubs 
probably due to root penetration into the soil. 
No differences were indicated for SAR and CEC under the 
different crop systems. There is no significant difference between the 
different crop systems in soil pH, which tends to be alkaline under inter 
cropping and acidic under sole cropping. 
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Table 8. Level of micro elements in the soil (mg\g) 
 
Potassium Sodium Magnesium  
Soil depths (cm) 
Attribute 
 
Treatment 
30 60 90 30 60 90 30 60 90 
Inter cropping 4x4m 0.3a 0.2a 0.1a 0.1a 0.1a 0.1a 0.1a 0.2a 0.1a 
Inter cropping 4x8m 0.2b 0.1b 0.1a 0.1a 0.2a 0.1a 0.1a 0.2a 0.2a 
Sole cropping 0.1c 0.1b 0.1a 0.1a 0.2a 0.1a 0.2a 0.1a 0.1a 
 LSD=0.01                LSD=0.15                LSD=0.2 
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Table 9. Soil characteristics 
 
 
B.D SAR E.C. pH 
Soil depths (cm) 
Attribute
Treatments 
30 60 90 30 60 90 30 60 90 30 60 90 
Inter cropping 4x4m 0.8a 0.7a 0.7a 0.4a 0.5a 0.6a 0.03a 0.03a 0.03a 7.1a 7.2a 7.4a 
Inter cropping 4x8m 0.8a 0.8a 0.7a 0.4a 0.5a 0.5a 0.03a 0.02a 0.04a 7.1a 6.9a 7.0a 
Sole cropping 1.0b 1.0b 1.0b 0.4a 0.5a 0.6a 0.03a 0.02a 0.02a 6.9a 6.6a 6.8a 
 LSD=0.14               LSD=0.2 LSD=0.2             LSD=1.4 
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Table 10. Gum yield (kg\tree) 
 
 
Treatments Gum yield (2006) 
Gum yield 
(2007) 
inter cropping 4*4m 0.8a 0.7a 
Inter cropping 4*8m 1.1a 0.8a 
Sole tree stand 2.1b 1.6b 
 
                                            LSD=0.4               LSD=0.2 
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Fig. 16: Yields/single tree/ha inter cropping tree spacing gum yield 
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4.12 Gum yield (kg\tree) 
The gum yield is presented in Table (10) and Fig. (16). Gum yield 
from Hashab trees decreases when inter cropped with field crops 
probably due to the inherent competition between the trees and the field 
crops. The gum yield at the inter cropping spacing 4x4m was 0.8kg \tree 
and 1.1kg\tree at 4x8m while at sole cropped plots,  gum yield increased 
giving 2.1kg\tree and 1.6kg\tree in season 2006 and 2007 respectively. A 
similar result was reported by Mohamed (2005) at Eldomekeya site, who 
attributed the reduction to the strong competition between trees and crops 
for water. More over gum yield was reduced at the second season 2007 
giving 0.7kg\tree at inter cropping spacing 4x4m and 0.8kg\tree at 4x8m 
inter cropping spacing. This may be due to the lower rainfall in season 
two.  
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CHAPTER FIVE 
CONCLUSIONS AND RECOMMENDATIONS 
 
5.1 Conclusions: 
Hashab trees increase the fertility of the soil and protect it from 
water and wind erosions. Field crops when grown with Hashab trees 
attained significantly higher yield score. Economically reduction in gum 
yield of intercropped trees can be compensated with total production of 
both crops and trees. Agro-forestry system considered as a very improved 
model for sustaining land. Land equivalent ratio for intercropping 
systems are almost equal/or more than one.  
5.2 Recommendations: 
1. Agroforestry should be adopted in the central clay plains as a 
method for crop production. 
2. 4x8m tree spacing in the optimum for agroforestry in Dali Mazum 
area cultivated with Acacia senegal tree. 
3. Demonstration field plots should be established to project the 
agroforestry technique. 
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Appendix 1 
Groundnuts intercropping 4x8 m 
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Appendix 2 
Groundnuts intercropping 4x4 m 
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Appendix 3 
Sorghum intercropping 4x8 m 
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Appendix 4 
Groundnuts at sole cropping  
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Appendix 5 
Sorghum intercropping 4x4 m 
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Appendix 6 
Sole cropping 
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